The objective of present study was to evaluate the cytotoxic effect of two fungicides i.e. carbendazim and copper oxychloride on human cell lines HaCaT [keratinocyte] and HepG2 [hepatoma cell line]. The cytotoxic study was done by following the standard MTT [3-[4,5-dimethylthiazol-2-yl]-2,5-diphehyltetrazolium bromide] assay along with standard drug. The MTT assay results showed that these two fungicides showed concentration dependent cytotoxicity, upon incubation for 24 hours with concentration ranging 20-450 µg/ml and IC50 values were determined. The cell viability of HaCaT cells decreased from 100% to 35.86% with increase in carbendazim concentration 20-450 µg/ml. Whereas HepG2 cells were sensitive towards Carbendazim treatment with the decrease in viability up to 30.98% at 450 μg/ml. Copper oxychloride was more lethal, causing total cell death of HaCaT cells at 350 μg/ml, and HepG2 at 450 μg/ml and the present work correlate this toxicity caused by these two fungicides on human skin and liver. The study u nveils the cytotoxic effects of these fungicides on the skin as well as on the liver indicating the long term exposure to these compounds may lead to deleterious effects. Further study is needed on to identify the mechanism and pathway involved in the cytotoxic activity of these fungicides on HaCaT and HepG2 cell lines.
INTRODUCTION
From the era of civilization, the man was continuously engaged to improve his quality of life to overcome the basic needs by controlling the natural crop destroyer such as insects, weeds, pests etc. [1] . Therefore pesticides have important place among the xenobiotic compounds used by humans in regular basis. The pesticides were further simplified into herbicides, insecticides and fungicides which are extensively used in control of various plant diseases [2] . Pesticides which have high shelf life leave residues on and in the living system for longer duration, becoming the reason for the toxic symptoms [3] . These toxic effects have non targeted cytotoxic effects on living organisms including humans [4] . In recent years the study on toxic effects of pesticides has been gaining attention of researchers [5] .Fungicides are the types of pesticides, which are extensively used eradicate and control the fungal diseases in plants .These are applied directly on seeds to control fungal infection, Sprayed on plants and field crops. These fungicides are made up of different .
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Email: b_kaliwal @ yahoo.com chemical components [6] . These include organic and inorganic constituents. Metal and non-metal substances like copper, zinc, sulphur etc. Carbendazim and Copper oxychloride are one of the major systemic fungicides used in India to control fungal diseases. Carbendazim is a by-product of benomyl and thiophonate, belongs to the benzimidazole group of fungicide and play vital role in humoral immunity down regulation [7] . On other side, usage of copper based systemic fungicides in control of disease has been from early years. The largest usage of these pesticides started since1885, in combination with other fungicides and alone. Copper oxychloride is a major copper based systemic fungicide used to control the fungal diseases which directly damage the protein synthesis and lead to cellular injuries [8, 9] . The accumulation of heavy metal based fungicide in the living system lead to many hazardous health complications. Considering the cytotoxic properties of the xenobiotic compounds, it is valid to mention that these compounds have deleterious effect on microflora and other living organisms. Dermal toxicity term has reflected the views of toxicologists on the skin poisoning caused by the absorption of pesticides by the semipermeable membrane of the skin [10] .
The most commonly faced xenobiotic compound infection is skin allergy, dermatitis, skin irritation and uncommon disease like urticaria, erythemamultiforme, ashy dermatosis, occupational acne, porphyria cutanea tarda, hair and nail disorders, and skin cancer occurs in long term exposure. Apart from skin disorders the other major toxicity can be seen on the liver systems. Liver is an organ which represents the biotransformation of endogenous and exogenous xenobiotics and becomes one of the major target in humans. Hence in this study the HepG2 cell line was used derived from a hepatoma which possesses a liver-like enzyme pattern including the enzymes of biotransformation [11] , hence HepG2 cell line is majorly used for a toxicological research exposure approach [12] .
Each and every day human being exposed to various types of xenobiotic compound in and around at regular basis within the household or by means of agriculture. It has become necessary to reduce the animal experimental model to assess the toxicity of these xenobiotic compounds as an alternative to elucidate the lethality to humans. Therefore the multicentre evaluation of In-vitro cytotoxicity [MEIC] concept came into existence by Born and Ekwall, where they evaluated the relevance of cytotoxicity on human specialized cells and correlated to the in vivo lethality [13] . The other common means to get effected by these chemical compounds is through consumption of food and agriculture is a destination for chemicals [14] .
Therefore the aim of the current study was to evaluate the cytotoxic effect of carbendazim and copper oxychloride on skin and liver in an In-vitro system using HaCaT keratinocyte and Hepatoma cell line HepG2, to associate the cytotoxic behaviour of both fungicides on in-vivo system, further the cell morphological study was done by microscopy, to elucidate the dose dependent effect of Carbendazim and Copper oxychloride on the growth and proliferation of skin and liver cell line.
MATERIALS AND METHODS

Cell culture and chemicals
Skin cells [HaCaT] and hepatoma cell line [HepG2] were obtained from NCCS Pune. All other chemicals used were of analytical grade.
Cell medium
DMEM-high glucose and W-PBS were obtained from Invitrogen, and other chemicals for MTT and neutral red assay were purchased from Himedia. Carbendazim and copper oxychloride were obtained from Nagarjuna Agrichem pvt.ltd, and Parekh chemicals Gujarat respectively. Cell viability, morphology changes were evaluated by MTT cell viability assay and invertmicroscope observations.
Preparation of standard solution:
Carbendazim and copper oxychloride were used were technical grade with 98% purity. Both fungicides were dissolved in DMSO with the concentration 1mg/ml and standard solution was prepared. For further analysis the solution was diluted as per the requirement.
Cell culture conditions and MTT cell viability assay:
Cell seeding
Skin cells [HaCaT] and hepatoma cell line [HepG2] were cultured on DMEM high glucose media for 24 hours. The cell growth was observed and evaluated by inverted phase microscope, further the cell density was calculated by haemocytometer before seeding into 96 well plates with the cell density of 1 × 10 3 cells in each well.
Assay controls
For cell viability assay three controls were retained throughout the experiment. The medium without cells was considered as medium control. The negative control was maintained with the medium containing cells without the experimental drug and a positive control with a known drug Metformin [5µM].
Cell viability assay
MTT assay was used to assess the cytotoxicity of Carbendazim and Copper oxychloride on HaCaT and HepG2 cells. On 24 hours of incubation the media was replaced with fresh medium containing different concentrations of Carbendazim and Copper oxychloride, i.e., 20, 50, 150, 250, 350 and 450 μg/ml. then the plates were incubated at 37°C in 5% CO 2 incubator for 24 hours. After discarding the medium, MTT solution [10% of the total volume] was added to cells plate and incubated for 4 h with PBS [5 mg/ml], for the solubilisation of resulting formazan. After solubilisation of formazan, DMSO [100 μl] was added to the plate and shaken gently for 10 minutes. The absorbance was measured at 570 nm against blank [15] . The effect of different concentration of both fungicides on HaCaT and HEPG2 cells was studied to evaluate the dose dependent effect. The influence of each concentration on both cell lines was compared between the treated and untreated cells. The experiment was carried in triplicates for each concentration.
Cell viability and morphological study using inverted microscope
The viability and morphological studies of treated and non-treated cells was carried out using inverted microscope [Biolink at 10X]. Each concentration of Carbendazim and Copper oxychloride treated cells were subjected for the morphological study after the treatment of 24hours. The untreated cells served as a control. The cell disruption, viability of cells and cell death was noted.
Determination of Half maximal inhibitory concentration [IC 50 ] value
The cytotoxicity of Carbendazim and Copper oxychloride on the HaCaT human skin cell line and HepG2 hepatoma cell line was expressed in terms of IC 50 value, using linear regression equation i.e. Y =Mx+C. Here, Y = 50, x define the test drug IC 50 value, where M and C represent the viability. The absorbance of the medium was recorded by 96-well plate ELISA reader (Biotek) at 570nm.
Statistical analysis
The influences of Carbendazim and Copper oxychloride on HaCaT and HepG2cell lines were expressed as the ratio of cell proliferation of treated and untreated cells Statistical analysis was conducted with SPSS 20.0 [IBM] software. Three independent experiments were performed for each experimental condition, and the data were conveyed as mean. One-way analysis of variance was performed on multiple comparisons among treatment and control groups. Differences with P < 0.05 were considered as statistically significant.
RESULTS AND DISCUSSION
MTT cell viability assay
The use of pesticides in the field of agriculture is an issue of concern due to its high risk for environmental contamination, which simultaneously affects the quality of the food, safety of consumers as well as the users like farmers who come directly in contact of these xenobiotic compounds in regular basis during handling and using of these fungicides are risk to human health system. Therefor it is essential to create the awareness in public while using synthetic chemical compounds. So it is necessary to study the cytotoxic effects of these fungicides on human skin and liver, therefore the present study was undertaken to study the effect of carbendazim and copper oxychloride on HaCaT and HepG2 cell lines by using the standard MTT cytotoxicity assay. MTT is a tetrazolium salt which is reduced to purple formazan crystals by succinate dehydrogenase [16] .
Carbendazim has been reported for being associated in chromosomal aberrations [17] . It is also has been used in antimicrotubular drugs preparations, which interfere in the synthesis of DNA and assembly of microtubules and tubulin subunits during cell cycle or cellular development [18, 19] . Ample amount of research has been done in In-vitro to study the deleterious effect of Carbendazim on rat model as well as human reproductive system, where it showed the significant decrease in the epididymal sperm count and fertility [20, 21] . The fig. 1 shows the effect of carbendazim on HaCaT cells [p < 0.05] after 24 hours treatment. The earlier study reported the anti-proliferative activity of carbendazim in other mammalian cells [22, 23] . On treatment with carbendazim at 20 µg/ml, HaCaT showed 51.48% of cell death, which was increased with increase in concentration and reduced the viability upto 35.86% at 450 µg/ml [ fig. 1 ]. The hepatoma cells [HepG2] were more sensitive towards the less concentrations of carbendazim showing cell death of 58.53% which was not much altered at higher doses and showed 30.98% viability at 450 µg/ml [ fig. 3 ]. With these observations, the present study also showed that carbendazim significantly increased the apoptosis of both cells in a dose dependent manner. In the earlier study it was reported that, the Carbendazim oral toxicity is lower in higher animals than the invertebrates. This may lead to teratogenicity in invertebrates under certain conditions. Carbendazim has been reported for the mitosis disruption in fungi [24] , for mammalian cells [22, 23] in in-vivo and In-vitro studies. Copper oxychloride is another fungicide used extensively in agriculture to control fungal diseases. From the earlier study it was reported that, the chemically synthesized products specifically the products containing chlorine, may have the damaging effects on the genetic material of the eukaryotes as well on their reproductive system [25, 26] . Copper oxychloride is another fungicide used widely in agriculture in control of many fungal diseases in agriculture. Several studies carried earlier have reported the metal ion toxicity in in vivo and in vitro systems. The studies undertaken by Wataha [27] observed the decrease in cell proliferation and the increase in no viable cells under higher copper concentrations, these observations were similar to the obtained results, and where on treatment with copper oxychloride at 20 µg/ml the viability of HaCaT cells was 51.48%. The increase in copper oxychloride concentrations, the cell viability decreased to 3.37% at 250 µg/ml and no cell viability was observed at 350 and 450 µg/ml [ fig. 2 ]. HaCaT cell line Vs Copper oxychloride [28] [29] [30] . This study supported to the observations where the copper oxychloride was less toxic to HepG2 cells at 20 µg/ml leaving 58.53% viable cells. The HepG2 cells showed viability up to 5% at 350 µg/ml concentration of copper oxychloride. The total cell death was observed at 450 µg/ml [ fig. 4 ]. Apart from antiproliferative effects, copper also induced the DNA damage in hepatic, renal and brain cells of LEC rats [31] . The copper also showed mutagenic and genotoxic effects on rats on feeding the water containing copper [8mg/kg] for six consecutive days. Therefore the toxic effects of copper are an issue of concern [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] .
From the present study it appeared that the short term exposures lead to deleterious effects and may cause harm at long term exposure, although the in-vivo systems work differently and the toxic effect may reduce during metabolic processes, but this can be remunerated due to the accumulation of these xenobiotic compounds. The present study reveals that there was a noticeable significant difference in the activity of carbendazim and copper oxychloride on tested HaCaT and HepG2 human cell lines at different concentrations [20-450 µg/ml]. It was also observed that at the initial concentration [20 µg/ml] the cell death was higher than [50 µg/ml] concentration.
It may be due to the cells try to protect themselves from the exposure to toxic substances and the enzymatic activity may increase at lower concentrations and the cell death starts after certain concentrations. The study demonstrated the cytotoxic behaviour of carbendazim and copper oxychloride suggesting both the fungicides directly affect the viability of HaCaT and HepG2 cells at the 350 µg/ml concentration as shown in Table and Figures.
Cell morphological study using inverted microscope:
The cell morphological study was done using inverted microscope, where both cell lines morphological changes were observed on exposure to different concentrations of carbendazim and copper oxychloride ranging from 20-450 µg/ml for 24 hours. The untreated cells were taken as control. On treatment with carbendazim it was observed that the cells were dispersed throughout the culture medium and showed spherical morphology, whereas the control cells attached to the surface or to the plate and showed their elongated and flat morphologies fig. 5 
HepG2 cell line Vs Copper oxychloride
The observations were similar to the earlier studies where the propiconazole fungicide exerted the similar effect on hepatoma cells on treatment with different concentration of this triazole fungicide [43] .
Copper oxychloride also showed the similar behaviour on the cells causing cell death of both cell lines. The observations showed that the copper oxychloride was more harmful and caused complete cell death at lower concentrations in HaCaT cells. The cell morphological changes were observed where the treated cell showed the spherical morphology and the control cells remained intact to the surface and showed their elongated and flat morphologies Fig. 6 
CONCLUSION
In conclusion, the results show that these fungicides have deleterious effects on human health. The in vitro study on the short term exposure of Hacat and HepG2 cells to different concentrations of carbendazim and copper oxychloride revealed that the constant exposure to these fungicides can be harmful to human skin as well as well as on the liver.
Furthermore the long term exposure to both fungicides may lead to adverse effects on environment, soil, and other living beings. Therefore more research is needed, to understand the detoxification of these fungicides. The study suggests that, more care should be taken while handling these pesticides.
